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Inventors: Ma koto Tan'ba and 

Hiroyuki Ohta 

Applicant : C0C003034 

Toagosei Chemical 
Industry Co., Led. 

[There are no amendments to this patent.] 
Claims 

1 . An energy-beam-curabie composition used as a primary 
coating for optical fibers composed of a compound having 1-4 
oxetane rings and a phoccca: ionic polymerization inioia^or. 

2. The energy -beam- cur able composition used as a primary 
coating for optical fibers specified in Claim i above, wherein a 
compound containing an epcxy group also is included. 

2. The energy-beam-curable cou.ycsition used as a primary 
coating for optical fibers specif iec in Claim 1 or 2 above, 
wherein a compound containing a vinyl ether group is also 
included. 

A. The enerov-beam-curable composition used as a primary 
coating for optical fibers sp^zi.d in Claim 1, 2 or 3 above, 
wherein a compound containing a (mechi acryloyi group and a 
phctoradical polymerization initiator also are included. 



[Numbers in bna marrm indi2a-e pc 



Lcn in z'r.e foreign .ax: 



Detailed explanation cf the invention 
[0001] 

Industrial application field 

The present invention certains to an energy-beam-curable 
composition used as a primary coating for optical fibers made of 
a compound containing an oxetane ring and which is used in the 
prcduc-ion of optical fibers as well as in the field of 
information communication. Also, in the specification cf the 
present invention, an acryloyi group or a methacryioyi group is 
referred to as a imerh ; acryloyi group. 

[0002; 
Prior art 

It is well Known that optical fibers are very brittle and 
are likely to be scratched, and furthermore, optical transmission 
loss is increased by contamination. For this reason, a primary 
coating of a' material having a low modulus of elasticity is 
acoiied to the surface cf the glass right after production of the 
octicai fiber, and an additional further secondary coating cf a 
material having a high ncduius of elasticity has been applied in 
the cast, -.s a material used for primary coating cf the above- 
mentioned optical fiber, a ccmpcsicicn capable of undergoing 
curing user, application cf an activating energy beam has been 
used -n recent years because cf high procuotivity . ?or the active 
enercv-beam-curabie composition used for the abeve-menticnee 
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application, a composition comprising an unsaturated polyurethene 
cacabie of curing by a radical polymerization reaction initiated 
by an activating energy beam, in specific terms, a composition 
comprising a poiyether urethane acryiate, is widely used. For ■ 
•examples of the poiyether pclyci component used as the raw 
material for the poiyether urethane acryiate in this case, 
polyethylene glycol, polypropylene glycol, pciybutyiene glycol, 
pciy-erramethyiene glycol, copolymers of propylene oxide and 
ethylene oxide, copolymers of tetrahydrcf uran and propylene 
oxide, aikyiene oxide adduces of bisphenoi A, etc., can be 
mentioned. Among those listed above, poiyether urethana- 
acrylates, in which polyethylene glycol is used as the raw 
material, are widely used, but the resistance co hydrolysis and 
resistance to water absorption cf compositions made with one 
above-mentioned poiyether urethane acryiate are inadequate; thus, 
ooivethe.r urethane acryiates made with raw materials made cf 
ccivorcoviene glycol or oolytetr amethy iene glycol which have 
excellent properties have been widely used in recent years. 
Descite low viscosity and excellent handling properties, the 
curinc characteristics of a composition made of poiyether 
urethane acryiate produced using polypropylene glycol are 
inacecuate and the heat resistance of the cured film is 
■:nadecuate. On the other hand, the curing characteristics c: 
c-mocsicicr.s made of poiyether urethane acryiates produced using 
oc iy-etramethvlene glycol are rood and the heat resistance or tne 
cured film is good, but the crystaiiinity is hirh and the 
mac--' remains solid at ambient temperature. Thus, the hanc.mg 
orooerties are coo:, and because of the high tensile modulus of 
liasticitv of the cured film produced, it is necessary to add a 
-active diluent, such as a ;meth) atryiate with a low molecular 



weight, but addition of the reactive diluent leads to a problem 
of reduced heat resistance of cured films formed from the 
composition. In ar. attempt to eliminate the above-mentioned 
problems, a composition made of a poiyether ure thane acryiate in 
which a copolymer of tetrahydrof uran and propylene oxide is used 
as the poiyether polyol component is being studied, but curing 
properties, heat resistance., etc., remain inadequate. 



f 000 : 



As activating energy-beam curing technology ether than an 
activating energy-beam-initiated radical polymerization reaction, 
activating energy-beam-initiated cationio polymerization 
technology is used in practice. Since' the activating energy-beam- 
initiated cationio polymerization is not inhibited by oxygen, it 
«s not necessary for the reaction tc be carried out in an inert 
atmosohere, and the polymeric acicn reaction can be dene rapioiy 
and ccmcieteiv in air, which is an advantage, until now, tne 
activatinc energy-beam-initiatec caticnic polymerization 
techncloov has been used mainly for polymerization of two types 
of monomers comprising epoxy resins ar.c vinyl ethers. ,n 
oarticuiar, ohotocurabie epoxy resins have excellent adhesion and 
the cured films exhibit high heat resistance and chemical 
-s' stance. However, the photrpclymerirsticn reaction rate is 
. 3 u- iv o' v Low for the majority of conventional ohotccurabie 



eooxv resins, anc crtducticn efficiancy is a prcbiem. On tne 
other hand, in many cases, ohotccurabie vinyl ethers are volatile 
and have a strong odor. Furthermore, compared with ohotccurabie 
=ooxies. shrinkage curing curing is mere obvious and adhesion is 
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poor;' in addition, resistance to absorption of water and 

resistance to hydrolysis remain inadequate. 7 
[0004] 

•Problems to be solved by the invention 

The inventors carried cut much research in en effort to 
crccuce an activating energy-beam-curable composition that can be 
used effectively for the primary coating of optical fibers and 
which is eatable of eliminating the above-mentioned problems and u 
has excellent curing oropert.es, prcvides a cured film with long- 
lasting durability, and has properties such as high heat 

resistance, resistance to hydrolysis, and resistance to * 
absorption of water, as well as a lew tensile modulus of | 

elasticity. 5 

Sf 

[0005! 

Means to solve the problems 

» 9 a -suit of much research carried out by the inventors, 
r-,ev discovered that a composition made of a cyclic ether having 
a soeclfic structure is eatable of eliminating the abeve- 
m-'-cned crobiems of the existing technology, and one rssuic is 
jha o-esent invention. Thus, the first invention of the present 
aooilcetion is an enercy-beam-curabia composition used as a 
c-marv coacir.c for optical fibers which comprises a ocmpcunc 
havmc'i-4'oxetane rings ant a oho tccationic cc lymerioaticn 
initiator. The second invention is the enercy-beam-curabia 
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ccrooosicion used as a primary coating for optical fibers 
soecified in the first invention, wherein a compound containing 
an epoxy group also is included. The third invention is the 
energy-beam-curable composition used as a primary coating for 
ootical fibers specified in the first invention or second 
invention, wherein a compound containing a vinyl ether group also 
is included. The fourth invention is the energy-beam-curabie 
composition used as a primary coating for optical fibers 
specified in the first invention, the second invention, or the 
third invention, wherein a compound oontaining a (meth) acryioyi 
arouo and a photoradicai poiymeriraticr. initiator are also 
included, in the following, the present invention is explained m 
further detail. 

[00061 

O Compound having 1-4 cxetane rings 

The comoound containing an cxetane ring used in the present 
Mw Ho„ includes 1-4 cxetane rings. When a compound conta,n,.., 
^ _ ara < s used, the flexibility of the curec 

5 or more oxe.ane crcC erties suitable 

fii, -ormed fcv the compositor. a "' c - 

« . p*-*, °* ei " i fiis=s canr ' c ; - 

ccccu,.. ..n.^ ... - en , itet i, „r..r.i ft»» 

cxetane ring, ccm?«-u.;v-S -< 

(1; below can be mentioned. 
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[0007] 

( Structure 1] 




0) 



f00G8 



In general formula C) , R l represents a hydrogen atom, an 
alkyl group with 1-6 career, atoms such as methyl, ethyl, propyl, 
end butyl, a fiucreaikyi croup with 1-5 carbon atoms, or an 
aiivl, aryl, furyi, or thianyl group. R : represents an alkyl 
group with 1-6 carbon a coirs such as methyl, ethyl, propyl, and 
butvi, an aikenyi group with 2-5 carhop, atoms such as 1-prcpenyi, 
2-orooer.yi, 2 -mechyi-l-?ro?enyi , 2-mechyl-2-?ro?enyi, i-buoenyi, 
2-butenyi, or 3-butenyi, a grtu? having an aromatic ring such as 
phenvl, benzyl, f lucrcber.zyi , methcxybenoyi, and phenoxyechyi 
group, an alkyicarbenyl croup having 2-6 carbon atoms such as 
ethy'icarbor.yi, prepyicarbenyi , or buty Icarbor.yl, an 
aikoxycarbenyl group with 2-6 carbon stems' 'such as 
ethcxycarbcnyl, cropcxyca rbcr.yl, and but txycarbonyi , an N- 
aikylcarbamoyl group with 2-5 carbon atoms such as 
e thyi carbamoyl, cropy loarbamcyi , buty lesrbamoy 1 , or 
pentyicarbamcyl . etr. 



[ 0G09 ] 



Also, for compounds having 2 oxetane rings, a compound such 
as the one shown in the following general formula (2) can be 
mentioned , 

[0010] 

[Structure ■ 2 ] 



[0011] 

In "general j formula [2} , P. 1 represents groups such as those 
listed for the above -mentioned general formula (1! . R* 
represents, for example, a linear or branched alkylsne group such 
as ethylene, propylene , and butyiene, a linear or branched 
polycxyaikyiene group such as pciycxyethyiene and 
coiycxyprcpyiene, a linear or branched unsaturated hydrocarbon 
group such as prtcenylene, methy ipr cpenyiene , and butenylane, a 
carbonyl group and an a 1 xylene group that includes carbonyi, an 
aixyiene group that includes a cachexy group or an a 1 xylene group 
that includes carbamoyl, etc. furthermore, R : is a polyvalent 
group selected from among the grtups shown in [general] formulas 
(3), (4), and {5} below. 
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[0012] 

(Structure 2; 



— o 



=VCH;— (3) 



[0013] 

In [general] formula (3), represents a hydrogen atom, an 
alkvl grouc with 1-4 carbon a-crr.s such as methyl, ethyl, propyl, 
and butyl, an aikcxy group with 1-4 carbon atoms such as methoxy, 
ethoxy, prcpcxy and butcxy, a halogen a-.citi such as chlorine and 
bromine, nitro group., cyanc group, mercapto group., lower 
alkylcarbcxyi group, carbcxy group, or carbamonyl group. 

[0014 ] 



[Structure A) 



(0015} 



In (general] formula (4), R 5 represents an oxygen atom, a 
sulfur atom, methylene group, NK, 3C, SO : , C{C? 3 ) 2 , or C(CH 3 ) 2 . 

(001 6 j 

(Structure 3} 



?J S 7 R 4 

! i 

•<Z-izhr Si - O -; 5i -04- Si C-3 >■ 

?. 4 R ? ■ 



(5) 



[0017] 

In (general] formula ; = :, represents an alkyl. group or 
arvl group with 1-4 carbon atoms such as methyl, ethyl, propyl, 
and butyl", n is an integer in -.he range of 0-2000. ?' represents 
an alkyl group or aryl croup with 1-4 carbon atoms such as 
methyl, ethyl, propyl, and butyl. R 7 could also be a group 
selected from among the croups shown in (general! formula (6) 
below . 



1 0 



(0013 ] 

[Structure 6] 



— O -4 Si —O— Si -R 5 (5) 
R s R J 



001°: 



Ir. [general; formula !=}, R 3 represents an alky i grcu? or 
arvi grcuc with i-4 carbon a teas such as methyl, ethyl, propyl, 
and butvl. m is an integer in the range of 0-100. For specific 
exarr.oie's zi a compound having 2 cxe-ane rings., compounds such as 
chose shown in [general] formulas 'J) and (8! below can- be 
mer.cionec . 

;oc20 ] 

[Structure 7] 

o 

V V 



[0021] 



The compound shown in [ general] formula (7) is a compound 
having an ethyl group for "R 1 a' carbcxy group "for" "R 3 " in 1 general 3 
formula (2) . 

[0022] 

f Structure 3] 




(3) 



[0022] 



The ccaioour.d shown in [general] formula (9) is a compound 
having an ethyl group for R 1 in general formula (2) and a methyl 
group in which P. 3 is the same as R 5 and R 7 , and n is 1 in genera 
formula (5i . 



In a crmcound having 2 oxetar.e rings, as a suitable exampi 
other than the compounds shewn above, the rcmpcund shown in 
general formula (?) rar. he mentioned. In [general! formula [»}, 
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R 1 



-opresenra the sane groups as chose shown in general formula 
(i! above. 
[0025] 




(0026; 



Fcr a compound having 2--. oxacane rings, compounds such as 

f.- ~-r " = !LQ) beicw can be nenzicned. 
chose shown in genera- -• ' 



[0027] 

[Structure 10] 




(10) 



[0G23] 



In [general] formula (10), ^' represents the same croups as 
these shown in the above-mentioned general formula (1) . R 9 
represents, for example, a branched alxyiene group with 1-12 
carbon atoms such as these shown in [general] formulas (11) -(13) 
below, branched polyoxyalfcy iene croup such as "those shown in 
[general! formula (14) below, or a branched poiysiioxane group 
such as chose shewn in [General] formula- (15) below, j is either 
3 c: 4 . 

[CC29] 

[Structure 11] 

y CH;- 
R :Q — C — CH?— 



[0030] 

[In [general: formula S :J represents a lower aikyi 

croup such as merhyl, echyl, :: propyl.) 
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[0031] 

[Structure 12] 



CHi- 

i (12) 
- CHi - C — CH2— 

i 

Oiz- 



[0032] 

[Struccurs 13] 



-CH— CH~ ca-CSs-CS-CKs-Cls- C-3) f 



[0033 ] 

[5:ruc:ur= 141 



(!■*) 



-4- G-:zCH:0 C ~ CHtCH: 



[00341 



(In .[general] formula (14), 1 is an integer in .the range of 
1-10. ) 

[0025] 

[Structure 15} 

i i 

- CKt- CH- CH:- Si - C - Si - CH:- CH- CHi- (i<) 
1 II! 
- C-i- CH; CH: CH:- 



[0025; 

For a ccmpcunc having 2-4 cxe:ane rings, ccmpounds such as 
the s s shewn in the following general formula (16) can be 
mentioned . 

[0037] 

•Structure IS] 




IS 



(.0033] 



Further-ore, as an example of a compound having 1-4 oxetane 
rings other than chose shown above, a compound shown in [general] 
formula (17) below can be mentioned . 



[0039] 



[Structure I~j 



R it_0 — si — c— R 11 

i 

6-1 



(IT) 



[004 0] 

In : general J formula (17; , ?- 3 represents the same croups as 
those shewn in [general] formula (5) above. R u represents an 
aikvl croup with 1-4 carbon atoms such as methyl, ethyl, propyl., 
or butyl or a triaikyi siiyl croup, and r is 1-4. 

(0041! 

as desirable specific examples cf oxetane compounds that can 
be used in the present invention, compounds such as those shewn 
below can be mentioned. 



[Structure 21] 




[0046] 

Furthermore, in addition to 'hose listed above, compounds 
having 1-4 oxetar.e rings and having a molecular weight of 
approximately 1 C 0 0 - 5 0 0 0 can he mentioned . For the above-mentioned 
examples, compounds such as those shown below can be mentioned . 



[0047] 



[0043 ] 

In this case, p is 20-200 . 
[0049] 

(Structure 23 j 




[0050 j 

In this case, q is 15-100 
[0051] 

[Structure 24; 

L 
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[0052} 



In this case, s is 20-200. 
[0053] 

O Photocationic pciymeriza ticn initiator 

Many different Hypes of photocationic polymerization 
initiators can be used in ::.e composition cf the present 
invention. As a suitable example of initiators usee in chis case, 
diallylicdor.ium sal's and triarylsulf or.ium salts can be 
mentioned. Typical examples of phctoca ticnic polymer icaticn 
initiators are shewn below. 

[0054] 

[Structure 2 5 ] 
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{00571 

[Structure 231 

, „ -i MX* *\ . , MXfc+jp 



[0053] 

[In the formula,; ?. 12 represer.-s a hydrogen atom or an alky I 
group with 1-13 carbon a terns or an alxexy group with 1-13 carbon 
atoms, R 13 recresen-s a hydrogen atom, hydroxy alky 1 croup, or 
hydrcxyaikcxy group, and hydroxyethcxy group is especially 
desirable. M is a metal and is preferably antimony; X represents 
fluorine or another halogen; and !< is the- valence of the metal, 
for example, in the case of antimony, it is 5. The mixing ratio 
of the photocationic polymerization initiator is preferably in 
the range of 0.1-20 wt% for the' compound having an oxetane ring 
or for the total amount of said compound and the compound 
containing an epoxy group and/or the compound containing a vinyl 
ether group, when included, and a value in the range of 
0.1-10 wt% is especially desirable. When the mixing ratio is 
below 0.1 wcl, the curing properties are inadequate; when the 
mixing ratio exceeds 20 the light transmittsnce is 

inadecuats, uniform curino cannot be achieved, and the flatness 
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of the su 
cases . 



rface of the coated film cannot be achieved in some 



[0059] 



Furthermore, in each of the chemical formulas showing a 
comoounc having 1-4 oxetane rings or a phetocationic 
coivmeritaticn inUia:::, the groups indicated by the same cod, 
in a single molecule may be the same or different. 



[0060] p 
O Other compounds 

t- .edition a CM .bcv.-mtncio n .<i essential cor.pour.ds, « 

other components en oe included in a. composition of o>.e | 

present invention . The second claim of cne cresen. i..,a,t „n . , 

^ enerpy-beam-cur.ole composition used a primary co.^. S -0- J 
ooticai iibers, -herein a ctmpound havinp en epoxy .roup also ., 

- . -s --no ria-m 1 of the crsser.t 

; nrl p^c in the ccmocsLt-on c --ne C— m - 

i:^: I» this rase, ,hen the refund Kevin, an epoxy proup 

it inoiuded in the composition, the curio, rate ox t • 

c—o.icion dan be further improved. ?cr tne expound 
:: o ',v = .any different types can ha used, for example, en 

Z2 , comccond bavin., one epcxy .roup, phenyi piycidys etna. ..d 
■; u /- olvcidvl ether can re mentioned, and for eooxy expounds 
n^na'tU c: -re e ? cxy proups, hexanedicl diplyctdyi etner, 
ceeraethvler.e ply==l diplycibyl ether, trimechylolprcpana | 

— ' - clvcidvl ether, novc_a.< epo^y * 

— icned. It is especially desiraoie tc * 
ccmpcur.es, etc, 



use an alicyclic compound in the present invention. For exampl 
che compounds shown below can be mentioned. 



[0061] 

r Structure 291 

o 

"4 




[00621 

[Structure 30] 

O-^Y^O^ (30) 
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[0062] 

[Structure 21! 




(3D 



[0064] 

r- -his case , as a mixing ratio for -he compound having the 
eooxy groups, 5-55 parts by weight are suitable for 100 pares by 
weight of -he cecal aaour.c of the compound having 1-4 oxetane 
rings and the compound having the eooxy groups. 

[0055] 

Claim 2 of the peasant invention is an energy-beam-curabie 
composition used as a primary coating for optical fibers, wherein 
a- compound having a vinyl ether group is included in the 
comocsi-.ion of Claim 1 or 2 of one present invention. In this 
case, when a compound having a vinyl ether group is induced xn 
the ccmocsition, the curing rate of the composition can be 
improved further. For compounds containing a vinyl ether group, 
many different ones can be used. For example, for compounds 
having 1 vinyl ether group, hydroxyethyl vinyl ether, 
hydroxybutyi vinyl ether, dodecyi vinyl ether, procenyi ether 
orooviene carbonate, cycUhexyl vinyl ether, etc., can be 
mentioned. For compounds having two cr mora vinyl ether groups, 
cvclohexanedimethanoi vinyl ether, triathyiene glycol divinyl 
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ether, novolak divinyl ether,, etc., can be mentioned. In this 
case, for an example of the mixing ratio of the compound having 
vinyl ether croups, 5-95 pares by weight are suitable for 100 
pares by weight: of the coca! amount: of the compound having 1-4 
oxetane rings and the compound having a vinyl ether group. 



[0066] 



Claim 4 of the present invention is an er.ergy-ceam-curabia 
composition used as a primary coating for optical fibers wherein 
a ccmcounc having a (meth; acrylcyi group and a phecoradicai 
polymerisation initiator are included in the composition of Claim 
1, 2, or 3 of the present invention. In this case, when the 
compound containing a (meth) aery loyi group is included in the 
composition, further adjustment of the viscosity of the 
comocsition and improvement in the hardness of the coatee riim 
formed bv the composition car. be achieved. For compounds havrng a 
(meth)acryioyl croup, many different ones can be used... lor 
exa*o'-, for comoounds containing one (meth) acrylcyi group, 
(meth)acrviate phenol, nonyichenoi, and 2-ethyihexanci, 
(met- achates of alxyiene ox.ee adduces of aieohcis thereof 
.r C , can be mentioned. For compounds having two (meth) acryxoy, 
g^ouos, di(mech)acrylates of brsohenoi isocyanurio acte, 
ethviene glycol, and propylene glycol , c: (meth) acryiatas or 
al )cvlene oxide adduces of aieohcis of thereof, etc., can oe 
men-icr.ee. Tor a compound having three (meth) acrylcyi groups, 
tri(meth)aerylates of pencaerythritci, trimethy iolprepane, and _ 
isocv ,nuric acid, tri (meth) acryiatas of aikyiene oxide acaucts oz 
licohcis of thereof, etc., can be mentioned, and for a compound 
havinc four or more (meth; aeryioyl croups, cciy (meth) acry.ates oz 
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penzaerythritol, dipen taerythritoi , etc . , can be mentioned. 
Furthermore, conventional acrylic monomer oligomers such as 
are thane aery late having a urethane bond as the principle chain, 
polyester acrylate having an ester bend as the principle chain, 
and epoxy (meth) acrylate , in which an acrylic acid is added to an 
epoxy compound, can be mentioned. In this case, for the mixing 
ratio of the compound having a (meth } acryioyi group, 5-95 parts 
by weighs are suitable for IOC pares by weight of the total 
amount of the compound having 1-4 cxetane rings and the compound 
having a (mezh ) acryloyl group. In Claim 4 of the present 
invention, a phcccca tionio polymerization initiator is added to 
the composition. . Many different types of photocat ionic 
polymerization initiators can be used, and as suitable examples, 
benzophenones and derivatives thereof, benzoin alky 1 ether, 2- 
methyi- [ 4- (methyl thio) -phenyl] -2-morphoiinc-i-prcpanone, benzyl 
dimethyl ketal, 1 -hydrcxycy clchexyi phenyl ketone, 2-hydrcxy-2- 
me thy 1-1 -phenyl? rtpan-1 -one, alkylphenyi giycxyiate, 
diethcxyacetophencne, 2 -benzyl-2-dimethyIaminc-l- (4- 
morphclincphenyi) -1-butancne, and acyiphosphine oxide, etc., can 
be mentioned. As for the mixing ratio of the above-mentioned 
photccationic polymerization initiators, 0. 01-20 wt% for the 
compound containing (meth) acryl-yl group is desirable. 

[0057 ; 

Furthermore., in the present invention, one or more different 
compounds selected from the group consisting of the above- 
mentioned compounds containing epoxy groups, the compounds 
containing vinyl ether groups, and the compounds containing 
(meth) acryloyl croups tan be added to the composition of the 
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first invention. In this case, it is desirable tc add 5-95 parts 
by weight: of -he compound having 1-4 oxetane rings for 100 parts 
by weight of the total amount of the compound having 1-4 oxetane 
rings, the compound containing epoxy groups, the compound 
containing vinyl ether groups, and che compound containing 
(meth) acryioyi groups . 

[0068] 

The composition of the present invention can include inert 
components such as inorganic fillers, dyes, viscosity modifiers, 
treatment agents, and ultraviolet clocking agents in amounts of 
not more than 100 par's by weight fcr 100 partis by weight of che 
curable component . 

[0069] 

In addition to the photcca tionic polymerization initiator 
and/or photcradicai polymerize tion initiator, a photosensi tizer 
also can be included in the composition of the present invention, 
and adjustment of the wavelength in the uV region can be carried 
out. As a cycicai example of sensitizers that can be used in the 
present invention, those disclosed in Criveio (J.V. Criveiio, 
Adv. in Polymer Sci . , 52, 1 ( 1934) 5 can be mentioned, and in 
specific terms, pyrene, peryiene, Act vein e Orange, thioxanthone , 
2-chicrothicxanthone, benzzflavin, etc., can be mentioned. 
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[0070 j 

O Manufacturing method and application, method 

The manufacturing method of "he composition of the present 
invention is not especially limited, and production can be 
carried out by scirring or mixing the essential components or 
essential components and other components that are added, as 
needed. The method of application of the composition of the 
present invention is net especially limited either, and 
conventional methods used rot coating optical fibers can be used 
in this case as well. For example, a method in which coating of 
the composition of the present invention onto the surface of the 
optical fiber is carried cut and an activating energy beam is 
subsequently applied to produce curing can be used. For the 
optical fiber onto which the composition of the present invention 
is to be applied, many different types can be used and the 
thickness of the composition can be appropriately selected 
according to the intended application. For the activating energy 
beam, ultraviolet [radiation], X-rays, electron beams, etc., can 
be mentioned. When ultraviolet is used for curing, many different 
tvoes of light sources can be used, and for example, a 
pressurized or high-pressure mercury lamp, metal halide lamp, 
xenon lame, eiectrodeiess discharge lamp, carbon arc lamp, etc, 
can be mentioned. When an electron beam is used for curing, many 
different types of irradiation devicas can be used, for example, 
Cockcroft-Waiton, van de Graaff, or resonance potential 
transformer, etc., can be mentioned, and for the electron beam, 
an energy level in the rar.ee of 30-1000 ev is desirable, and in 
the range of 100-300 eV is especially desirable. Sinca it is 
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possible to use ar. inexpensive device, it is desirable to use 
ultraviolet for curing the composition . 

[0071] 

Application examples 

In the following, application examples and comparative 
examples are described and the presan: invention is explained 
further in specific terms. I t should be noted that the parts used 
in each example are based on weight. 

[0C72j 

Application Zxamole 1 

• Production of composition 

Mixing was carried cut for 100 parts of the compound having 
2 oxetane rings shown below (2'2) (hereinafter, component A) as 
the compound having an oxetane ring and 4 parts of compound {33} 
shown below as the pho tocationic polymerization initiator 
(hereinafter, component G) to produce an energy-beam-curable 
composition to be used for the primary coating of optical fibers. 



[0073] 

[Structure 22 j 




/ 
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[0074] 

[Structure 33] 



[0075] 

cor che composition ar.c rured film produced, evaluations 
described below were carried :u- , and -he results obtained are 
shewn in Table II below. 
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[0075] 

• Evaluation 

O Curing properties 

The composition produced was coated onto several glass 
sheets using a bar coater to form a coated film thickness of 
10 \im to produce multiple test sheets, ultraviolet was applied to 
each test piece at a different level of exposure from a distance 
of 10 cm using a parallel beam, high-pressure mercury lamp at 
80 w / cm . The exposure at which the viscosity of the coated 
composition is lost was defined as the minimum ultraviolet 
exposure ( J / cm 2 ) . 

[0077] 

The composition was coated onto a glass sheet using an 
applicator to form a coated film thickness of 250 um, and 
ultraviolet was applied using the above-mentioned device until 
the viscosity was lost and a cured film was produced. The cured 
film was then removed from the glass sheet, and an evaluation was 
carried cut for the tensile modulus of elasticity, heat 
resistance, and resistance to hydrolysis and water absorption 
using the methods described below. 
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[0073 ] 

O Tensile modulus of elasticity 

Measurement of the tensile modulus of elasticity (!<gf/cm 2 ) 
for the cured film was carried out: according to the method 
specified in JIS K 7113. 



[0079j 



O Heat resistance 

The cured film was scored in air at 120*C for 3 days and the 
tensile modulus of elasticity was measured as described above. 
The measured value obtained was divided by the value before the 
test. Heat resistance is excellent when the above-mentioned value 
is high: 



[0030] 

O Resistance to hydrolysis 

^ cured film was stored in 80*C water" for 30 days, and the 
t-ns^ie modulus of elasticity was measured as described above. 
The measured value obtained was divided by the value before tne 
-est. Resistance to hydrolysis is excellent when the above- 
mentioned value is high. 
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[C081] 

O Water absorption 

For the cured film produced, the water absorption (%} was 
measured according to the me - hoc specified in JI3 X 7209 (method 
B) . Water absorption is excellent when the 'water absorption value 
is low. 

[0032] 

Application Examples 2-7 

Components and compositions shown in. Table I were used, and 
energy-beam-curabie compos! tions used as primary coatings for 
■optical fibers were produced as in the case of Application 
example 1. For the compositions and cured films produced, 
evaluations were carried cue as in Application example 1, and the 
results obtained are shown in Table II. 

[0083] 

Comparative Examples 1-3 

Components and the compositions shown in Table I were used, 
and energy- be am- cu r ab 1 e compositions used as primary coatings for 
optical fibers were produced as in Application Example 1. Tor 
che compositions and cured films produced, evaluations were 
carried cue as in Application Example 1, and the results obtained 
are shewn in Table II. 
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(0084] 



[0085; 
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Application Example 
Com? a r a t i ve Z:< amp le 



In Table I, the r.u^ers represent parts [by weight] . 
Furthermore, in Table I , crrnpcr.ents 5-H are the compounds shewn 
below . 
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r 0.03 6' 



• Component: 3 (compound having 2 oxetane rings shown in [general] 
formula (34) below) 



[0037] 



iScrucnure 34 1 



/ 



[0083; 



• Component C (compound having 
formula (35; below) 



oxecane ring shown in [general] 



[0089] 



[St- 




s > 



(35) 



3 



.3 



1 
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[0090] 

• Component D (compound having 2 epoxy groups shown in [general] 
f ormul'a—f "3 o ) below) * 

[0091} 

[Structure 35] 

o 
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[0092] 

• Component Z (compound having 2 vinyl ether groups shewn in 
[general] formula {37} below) 

[0093 ] 

[Structure 37] 



CHz«CH-C-4 CKiCKiO-f; CH=C-: : 
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(0094} 

♦ Component F (corr.pound having 2 acryloyl groups shown in 
[general] formula (3B) below) 

[00S5] 

[Structure 33] 

CK;=CHC04Of 2 77 OCCK=CH- (23) 
!l 4 ■>. 

0 o 



{0096} $ 

1 

Component H (che phctoracicai polymerisation initiator sncwn m 4 
[general! formula (39) bei=w> 

[0097 ] 

(Structure 39] 

O CH; 

Ph-c-c-Ph (39) 

O O CM 2 



I 
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1) units: J / cm 2 ^ 

2) Unit: fcgf/cm 2 



Key: 1 
2 
3 
4 



Minimum ultraviolet exposura^ 
Tensile rr-ccuius :: elasticity"' 
Heat resistance 
Resistance to hydrolysis 
Water absorption ; V. 
Application Ixar.ple 
Comparative Ixaitcle 
Ncnourino 
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[0099] 

Effect of the invention 

The curing rate is high in the energy-be am- curable 
composition used as a primary coaling for optical fibers of the 
present: invention, and the cured film exhibits excellent heat 
resistance, resistance to hydrolysis, and resistance to water 
absorption, as well as a low tensile modulus of elasticity, and 
the material produced has a very high applicability. 
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